The hepatitis B virus (HBV)
Abstract
The hepatitis B virus (HBV) belongs to a group of viruses termed hepadnaviruses. The 3-2 kb genome encodes for a variety of proteins involved in viral replication (p-gene), transactivation (x-gene), or encodes for structural proteins (c-and s-genes). Several viral and non-viral functions determine the clinical course of HBV infection. The hepatitis D virus resembles a viroid and requires the HBV as a helper virus. The interaction between the viruses is not weli understood. More information on the interaction between the human host and viruses is needed to help improve the treatment.
(Gut 1993; supplement: S-S5)
Five identified and at least two additional unidentified agents may be responsible for the clinical features of acute hepatitis. Identified agents have been termed viruses A, B, C, D, and E. Whereas chronic disease courses have not been reported in hepatitis A and E, chronicity occurs at different rates in hepatitis B, C, and D. The clinical features linked to viral persistence are highly variable and span from asymptomatic subjects with normal liver enzyme activities to patients with progressive liver disease.' Serious late outcomes of chronicity include liver cirrhosis and primary liver cell carcinoma.' 2 This review concentrates on virological and serological aspects of hepatitis B and the delta agent with special emphasis on their clinical significance.
Hepatitis B virus THE HEPADNA VIRUS FAMILY
The hepatitis B virus (HBV) belongs to a group of viruses that has been termed hepadna viruses. Other members of this virus family include the woodchuck hepatitis virus (WHV), the ground squirrel hepatitis virus (GSHV), and the duck hepatitis virus (DHV). Hepadna viruses have also been found in tree squirrels and in herons. Hepadna viruses share common characteristics and represent animal models with which to study HBV.3 DNA, shelled by the hepatitis B core antigen (HBcAg) and by HBsAg (Fig 2) . Spherical and filamentous HBsAg particles represent viral coat material produced in excess by the infected hepatocyte.4 They expose only HBsAg. In addition, sera may contain hepatitis B e antigen (HBeAg). HBeAg is not particle associated and circulates in a soluble form in the sera of viraemic subjects infected with HBV.4 THE HBV GENOME HBV contains a small amount of DNA, approximately 3T2 kb in size (Fig 3) . 4 6 Four open reading frames have been identified and termed p, x, c, and s-genes. Three initiation sites within the s gene result in the formation of three different hepatitis B surface proteins and their glycosylated forms. 4 The small surface protein corresponds to the s-gene and is 24 000 and 27 000 Daltons in size in its nonglycosylated and glycosylated forms, respectively. P33 and gp36 correspond to the middle protein that is derived from the pre-S2 and s-genes. The large surface protein corresponds to p39 and gp42 and represents a product of pre-S 1, pre-S2 and the s-gene. 4 The various surface polypeptides are not equally distributed in all morphological HBsAg forms, with the large surface protein predominantly present in the complete virion (Fig 2) . Pre-S2 contains a binding site for modified albumin,7
and pre-S 1 is believed to expose a site that can attach to hepatocyctes.8 Therefore, pre-S proteins may play a role in the attachment of the HBV to the hepatocyte.
Subtype determinants that are mutually exclusive have also been found on HBsAg. Two pairs have been identified which, for the most part, are mutually exclusive and have
ULTRASTRUCTURE OF HBV
The sera of people with HBV contain three morphological forms expressing the hepatitis B surface antigen (HBsAg) (Fig 1) . The complete infectious HBV (Dane particle) represents a spherical 42 nm particle containing a circular, partly double stranded Hepatitis delta virus The hepatitis delta virus (HDV) cannot be assigned to any of the known groups of viruses, and closely resembles a viroid. 7 HCV replicates only in the presence of HBV, which functions as a helper virus for HDV.'8 ULTRASTRUCTURE OF THE HDV HDV is a spherical particle of 36 nm in diameter (Fig 5) . A small 1-7 kb single stranded RNA is shelled by the delta antigen. The outer coat of HDV is derived from the hepatitis B virus. However, the surface of HDV differs from that of HBV in its composition of small, middle, and large surface proteins.4 This difference does not affect the infectivity of HDV. Particles that can be seen in sera of patients infected with HBV are also detected in individuals infected with HDV.
THE HDV GENOME Figure 6 illustrates the HDV genome. HDV-RNA encodes the delta antigen, consisting of two polypeptides of 24 000 and 27 000 Daltons. Sequences encoding basic proteins have been identified and are believed to function as an RNA binding domain. In addition, a putative nuclear localisation signal has been described (Fig 6) . 12-21 HDV 
REPLICATION
Replication of HDV follows the rolling cycle mechanism, with both genomic and antigenomic RNA as a result of self cleavage and self ligation under certain conditions (Fig 7) .18 22 The genomic RNA is approximately 10 fold more abundant than the antigenomic RNA. A single infected liver cell may contain as many as 300 000 copies of HDV-RNA, primarily within the nucleus. Antigenomic RNA within the cytoplasm is believed to be responsible for delta antigen production.
The interaction between HBV and HDV replication remains obscure. However, it has become clear that HBsAg synthesis is sufficient to allow HDV production. 
